Objective-To compare emergency room (ER) and inpatient hospital (IP) use rates for persons with spina bifida (SB) to peers without SB, when transition from pediatric to adult health care is Design-A retrospective cohort study.
Introduction
Spina bifida (SB) is among the most common congenital disorders in the United States. SB is characterized by the incomplete closing of the neural tube, which occurs in the first few weeks of embryonic development [1] . This article focuses on SB aperta and not spina bifida occulta. SB aperta frequently results in long-term disability and includes 2 subtypes, namely, meningocele and myelomeningocele [2] . Increase in public awareness of the need for women to take folic acid supplements before and during pregnancy, as well as the early identification of the defect for women who undergo routine ultrasonography during pregnancy, have decreased both the intrauterine and birth prevalence of SB. However, approximately 3 to 7 in 10,000 children and adolescents from birth to 19 years of age are affected by SB [3, 4] .
urologists, physiatrists, and neurosurgeons, and likely need specialized care over a lifetime [6] .
The continuation of multidisciplinary health care is important for adults with SB to prevent adverse outcomes. Early death may be related to renal failure, urosepsis, or respiratory complications [7] . Some of these complications can be related to long-standing neurologic conditions that have become symptomatic over time. The most serious neurologic conditions as people with SB age are symptomatic hydrocephalus (with headaches, nausea and vomiting, and changes in gait, vision, or cognition) and tethered cord syndrome (with back and leg pain, weakness and change in mobility, urinary symptoms, and deformities) [6] . Although it has been recognized that cord tethering is likely present in virtually all people with a repaired open dysraphic abnormality, the symptomatic tethered cord syndrome (TCS) may be either a new adult diagnosis or a return of symptoms from re-tethering after previous de-tethering surgery [8, 9] . It is postulated that although health care use for people with SB is higher, preventive approaches, early identification, and treatment of developing problems have the potential to reduce medical care expenditures [10] .
Presently, at least 75%-85% of children born with SB are expected to reach their early adult years [6] . As adolescents with disability reach adulthood, they are often discharged from multidisciplinary pediatric clinics to adult medical practices, where specialists are not necessarily in the same institution [7] . SB clinics are common for pediatric care but largely nonexistent for adult care. As a result, people with SB are usually left to navigate the process of finding adult care specialists without outside assistance. A report based on the National Survey of Children with Special Health Care Needs revealed that only half of families surveyed had conversations about their child's changing health care needs as they reach adulthood. The same survey also revealed that only 1 in 5 physicians had discussed transitioning the child to an adult provider [11] . Transition planning should begin early in adolescence to make changes in health care easier and outcomes more successful [10, 12] .
The purpose of this study was to compare emergency room (ER) rates and inpatient (IP) hospital use rates for persons with SB by age, race, socioeconomic status, gender, and type of residential area. We postulated that individuals with SB would have higher ER rates and IP hospitalization rates than the matched controls without SB. We also hypothesized the patients 20-24 years old with SB would have higher rates of ER and IP hospitalizations than those 15-19 years old with SB. In addition to investigating overall rates of IP and ER use, we also assessed ambulatory care sensitive conditions (ACSC) that should be manageable or preventable with effective outpatient care. The Agency for Healthcare Research and Quality (AHRQ) developed a tool that monitors the health care safety net using administrative data by tracking ACSC (Appendix 1) [13] . The original tool was supplemented by adding codes from the AHRQ prevention quality indicator measures and by including incidence rate of ER and IP use according to different body systems using ICD-9-CM book chapters (Appendix 2) [14] . Finding these conditions in IP hospitalizations and ER discharges can indicate that patients are not receiving effective and timely primary care, and may indicate areas in which outpatient health care quality can improve. This is especially relevant in the SB population because an increase in ER and IP use for ACSC in adolescents and young adults could raise an index of suspicion for providers and could facilitate efforts to prevent, diagnose, or treat earlier. Increases in ER and IP use for ACSC could also indicate difficulty in the transition from pediatric to adult health care.
Methods

Study Background
This study is part of a larger endeavor investigating the transition from adolescent to adult services for persons with rare health conditions in South Carolina. The study protocol was approved by the South Carolina Department of Health and Human Services, the South Carolina Employee Benefit Administration, and the South Carolina Data Oversight Council. The study was granted exempt status by the institutional review board at the University of South Carolina.
Study Design
To describe the use of IP hospitalizations and ER use, and to investigate the association between age and use, we conducted a historic cohort study using South Carolina administrative data. To do this, patients from the control and SB groups were assigned propensity scores for likelihood of group membership based on age, gender, and years of insurance coverage. Control group individuals were then matched with a member of the SB group with the most similar propensity score.
Data Sources
The data used in this study came from 3 sources: South Carolina State Health Plan (SHP), South Carolina Medicaid, and all-payer hospital discharge uniform billing (UB) data. SHP is a self-insured plan managed by South Carolina Blue Cross/Blue Shield. SHP participants are government workers and their families are a diverse group ranging from agency directors to manual laborers. South Carolina Medicaid is a health insurance program run by the state of South Carolina. Medicaid is intended for people with low income in relation to family size, and individuals with significant disability. South Carolina Medicaid has a generous policy for children with significant disability; however, persons with disability from 21 to 64 years old generally qualify only for South Carolina Medicaid if they have substantial disability and also have a low family income. UB data are dischargebilling data for IP hospitalizations and ER use from all general, short-term acute care hospitals throughout South Carolina.
Age, gender, and type of residential area were also analyzed in this study from the health data; type of residential area was classified as either urban or rural using 2010 Rural Urban Commuting Area (RUCA) codes (http://www.ers.usda.gov/data-products/rural-urbancommuting-area-codes/documentation.aspx).
Participants
Date of service and primary ICD-9-CM diagnostic codes for ER and IP hospitalizations were acquired through UB data. For records to be considered in the study, patients had to be 15-24 years old during the 2000-2010 study period. Patient records were not considered until the patient was 15 years old; or, if the patient was enrolled between 15 and 24 years of age during the study period, the patient records were considered at the year in which the participant was enrolled. Patient records were not considered after the patient reached 25 years of age or, in case of premature death, the date of death.
SB cases were identified based on ICD-9-CM code diagnosis of SB (741). Between 2000 and 2010, a total of 695 unique cases of SB were identified. We created a comparison group matched on age, gender, and years of insurance coverage, of persons from the SHP. We excluded from the comparison group those individuals who had muscular dystrophy (359.0, 359.1, 359.21), cerebral palsy (343), spinal cord injury (344.0, 344.1, 767.4, 806, 952, 907.2), intellectual disability (317-319), fragile X syndrome (759.93), autism spectrum disorders (299) and multiple sclerosis (340). The exclusions were made to create a comparison group that was not experiencing the same medical challenges as the case group.
We compared SB group rates of IP and ER to comparison group rates. In addition to overall IP and ER use rates, we looked specifically at IP hospitalizations and ER visits due to ACSC overall, and specific ACSC categories of epilepsy, severe ear/nose/throat (ENT) conditions, UTI, and "other ACSC" (all other categories not included in the 3 specific categories). We expanded beyond ACSC, and analyzed IP and ER use according to categories consistent with the chapters of the ICD-9-CM codebook. (A more detailed description of the conditions in each category is provided in the appendices.) We also looked at the potential impact of age on ER and IP rates, by 2 age groups, 15-19 years old and 20-24 years old, under the assumption that transition from pediatric to adult care occurs in the late teen years.
Persons with SB were categorized as having or not having hydrocephalus, on the basis of the specific ICD-9 code for SB with hydrocephalus (741.0) or the code for SB without hydrocephalus (741.9) plus use of an additional code that indicated the presence of hydrocephalus (331.3 or 331.4). We also used a group of ICD-9 and Current Procedural Technology codes to identify individuals with shunt malfunction or shunt-related procedures (these codes are available on request). Any individual with SB who ever received any of these codes was categorized as having hydrocephalus. Persons with TCS were identified using ICD-9 code 742.59, which can include a range of spinal cord conditions including amyelia, atelomyelia, congenital anomaly of the spinal meninges, defective development of the cauda equine, hypoplasia of the spinal cord, myelatelia, and myelodysplasia; in the context of SB, our experience is that this code most often reflects the presence of TCS.
Statistical Analyses
All analyses were performed within DRS with only summary data released to the rest of the research team, as some of the outcomes had very small cell sizes. Multivariable generalized estimating equation (GEE) Poisson models were estimated to compare rates of ER and IP use among the SB group to the comparison group [12, 15] . The GEE models accounted for the presence of repeated observations (within-group correlation) in the same individuals over time. The GEE models were estimated by specifying REPEATED option in the GENMOD procedure of SAS 9.3 (SAS Institute, Cary, NC). Each regression model included SB versus comparison group as the key independent variable. Separate models were run for each category of condition diagnosed during ER or IP encounters, by selected specific body systems and ACSC. In each Poisson model, we controlled for age group, gender, race, whether the type of residential area was urban or rural based on census codes, and socioeconomic status (a dichotomous variable indicating whether the individual was enrolled in the SNAP during the study period). The State Health Plan does not include a race variable, but Medicaid does; thus we were unable to control for race in the initial models. However, when we limited the models to individuals with SB who were all insured by Medicaid, we were able to obtain racial information for every individual with SB and therefore able to control for race in these models. Statistical significance was assessed using Wald tests based on empirical standard errors so that inference is robust to misspecification of the within-person correlation structure, which was assumed to be exchangeable in our models.
We re-estimated the models, limiting them to persons with SB, and we used the dichotomy of adolescent age group versus young adult age group as the primary independent variable, controlling for the same covariates. To ensure adequate sample sizes, we estimated only those models for which there were at least 50 observations available. We also tested the effect of limiting analyses only to those individuals found to have data during both age ranges (15-19 years and 20-24 years), to ensure that analyses of the association between age and ER and IP use were as unbiased as possible, as the likelihood of continued enrollment could be affected by unmeasured variables that could not otherwise be accounted for.
We were also interested in the associations of ER and IP use related to a number of coded conditions, especially the high incidence of UTI and the 2 common neurological conditions of SB, hydrocephalus, and TCS, as these conditions can be symptomatic in the adult years. We investigated these by re-estimating the models described immediately above, adding a dichotomous variable indicating that an individual was ever diagnosed with hydrocephalus and tethered cord syndrome, at any time during the study period.
Results
There were 695 individuals with SB included in the analyses, and 1390 in the comparison group. Demographics for the 2 groups are shown in Table 1 . There were 4166 ER and 1423 IP encounters for individuals with SB, for a rate of 0.83 ER and 0.28 IP visits per personyear. Among those without SB, there were 1787 ER and 310 IP encounters, for a rate of 0.18 ER and 0.03 IP visits per person-year. In the multivariable models, the adjusted ER and IP use rates were significantly higher for those with SB than for the comparison group. The incidence rate ratios demonstrated markedly greater use for persons with SB for IP hospitalizations because of skin conditions, musculoskeletal conditions, nervous system conditions, respiratory conditions, and genitourinary conditions. Table 2 provides details of the ICD-9-CM conditions with the numbers of combined IP/ER encounters and the most common Clinical Classification System categories for each with numbers of encounters in individuals with SB.
ER and IP Use Among Persons With SB
As shown in Table 3 , when analyses were limited to those with SB, the adjusted rate of ER use was significantly increased for the 20-to 24-year age group, but there was not a significant difference in the rate of IP use. There was also an increase in the rate of ER use for ambulatory care sensitive conditions (ACSC). The only categories for ACSC in which there was a significant difference in rate of use by age group were ER visits for UTI and other ACSC. Moving beyond ACSC to all reasons for ER and IP use, there were significant differences for the group 20-24-years of age compared to the group 15-19 years of age for the following categories of use: ER use for (in order of descending IRR) endocrine, nervous system, skin, musculoskeletal, genitourinary, digestive, and ill-defined conditions, and IP use for skin conditions.
ER and IP Use Among Persons with SB, Present in Those 15-19 and 20-24 Years of Age
When we limited the analyses to individuals with SB who were represented in the data during both the 15-to 19-year age range and the 20-to 24-year age range (presented in Table 4 ), we found that there was a significantly higher rate of both ER and IP use for those in the 20-to 24-year age range. Older individuals had significantly higher rates of ER use because of ACSC and ER use for the specific ACSC of other ACSC and UTI. Looking at all types of ER and IP use, persons with SB in the older age group exhibited higher rates of ER use because of endocrine, nervous system, skin, musculoskeletal, genitourinary, and digestive conditions and a higher rate of IP use for skin conditions. Table 5 shows the results of repeating the models from Table 4 , but adds dichotomous variables for hydrocephalus and TCS. Including hydrocephalus and TCS in the models had almost no effect on the findings of increased IP and ER use for persons in the older age group. Hydrocephalus was not significantly associated with ER or IP use overall, but the rate of ER use due to epilepsy was markedly greater in persons with hydrocephalus. TCS was not associated with IP use overall, but persons with TCS were found to have lower rates of ER use. The strongest associations were with a reduction in ER use because of epilepsy and nervous system conditions. Meanwhile, individuals with TCS had substantially more IP encounters because of UTI and genitourinary conditions, as well as ER use for endocrine conditions and IP use for skin conditions.
Addition of Hydrocephalus and TCS to the Multivariable Models
We compared the most common specific diagnoses in each category for persons with hydrocephalus versus those without, and for persons with TCS versus those without, combining the IP and ER categories. We were particularly interested in neurologic and genitourinary conditions because these relate directly to the effects of spina bifida and are likely to differ for individuals with versus without hydrocephalus and for those with versus without TCS. We found that for nervous system conditions in persons with hydrocephalus, the top 3 diagnoses were convulsions, migraine, and epilepsy, whereas the top 3 nervous system conditions in persons without hydrocephalus were "other ear and sense organ disorders," suppurative and unspecified otitis media, and inflammation or infection of the eye. For individuals with TCS, the top 3 diagnoses for genitourinary conditions were UTI, infections of kidney, and "other and unspecified diseases of bladder and urethra"; for persons without TCS, UTI, female genital pain, and menstrual disorders were the top 3 conditions.
Discussion
As expected, we found higher rates of ER and IP use in persons with SB compared to those without. We found that young adults (20-24 years old) with SB had higher rates of ER use than adolescents (15-19 years old). On the other hand, IP use was not significantly higher in the young adult group with SB.
There has been a significant amount of discussion in the literature about the effects of health care transfer from adolescence to adulthood in young persons with disabilities such as those associated with SB. The increased rate of ER use among young adults with SB may be taken as evidence that transition to adulthood does have an impact on the health and care of people with SB. However, there are many elements of a care transition plan that might be implicated, and at present there is no single, specific element that has been found to improve outcomes [16] . It is not clear from these data whether the increased ER use observed is related to problems accessing primary care and thereby promoting care seeking in the ER, lack of additional resources or training for advocacy related to symptom reporting previously provided by parents or family, or a general lack of experience or knowledge/ skills on the part of accepting adult health care providers [17] .
Other factors may also contribute to the higher rates of ER use among persons with SB in the young adult group. For example, the increase may be attributable to changes in the health status of persons with SB as they age. There is recent information reporting declining health with age in SB, but there is a paucity of information available about risks for additional or increasing problems with certain health conditions related to age and/or severity, or the effectiveness of specific interventions or prevention strategies for young adults and adults [18] . Specifically, there is no information about physiologic changes within the urinary system over time, especially with chronic bacteriuria or changes in urinary function because of TCS or Chiari 2 malformation progression. In fact there is no consensus for the recognition, evaluation, and management of bacteriuria in specialized clinics for persons with SB [19] . This administrative data analysis provides some insights into health areas that may be of medical concern in adolescents and young adults. These increasing health needs may be related to physiologic changes, as well as to the change in health care delivery from pediatric to adult systems.
There were increased rates of all digestive, musculoskeletal, endocrine, and nervous system ICD-9-CM codes for ER use and skin conditions for both ER and IP use in the young adult group compared to the adolescents. This was also true of the ill-defined ICD-9-CM conditions in the ER. These increased rates correlate with recent literature reporting a decline in general health, perceived health, and health-related quality of life found in young adults with SB [20] [21] [22] . These studies report an association with age and level of lesion, with some discussion regarding acute health changes imposed on chronic conditions and limited social participation as possible reasons for these perceptions of health. In this study, we were able to support the age association, but did not have the data regarding level of lesion.
The significantly high rate of UTIs and all GU ICD-9-CM codes for young adults compared to adolescents, noted in Tables 4 and 5 , is particularly interesting, and has been noted in other studies of ER and IP use for persons with SB [4, 23] . There are no guidelines for recognition or treatment of bacteriuria in individuals with SB, particularly acute on chronic; therefore the coding of "UTI" may represent both chronic bacteriuria and acute UTIs [17, 24] . The rate of UTIs by age is not known, and physiologic changes to the urinary system with age are not reported. There is anecdotal acknowledgement that increasing rates of UTIs occur with age in SB, because renal failure is the most common cause of death and UTI is the most common cause for admission in adults with SB [4, 25, 26] . Reasons offered for higher UTI frequencies in adolescents and young adults include the inability to manage urinary procedures as well as resistance to maintaining lifelong urinary or bowel care regimens [26] . Poor self-management skills and lower education level have been associated with higher frequency of UTIs, but there have been no large cohort studies to prove or disprove the assumption of resistance to selfcare as a cause for increasing UTIs. Young adults with higher cognitive skills have also reported more frequent recurrent UTIs, which may indicate better recognition of symptoms and also possibly better recall and accuracy in reporting within the interview or survey [27] . This may suggest that there indeed is an increasing frequency of UTIs with age in SB. Smaller cross-sectional studies have identified a number of specific health issues noted in adults with SB, and our analyses support these. The common skin conditions of ulcers and cellulitis in the young adult group in our analyses reinforces an earlier study noting a higher number of hospitalizations associated with pressure ulcers for adults with SB [27] . For digestive conditions, disorders of the teeth and jaws likely represents the expected poor access to dental care noted for a variety of adults with disability [28] . Constipation is an ongoing management problem for individuals with SB, and strategies and procedures used at an earlier age may become ineffective over time [29] . Diabetes was the most common endocrine visit category seen within this cohort. Although diabetes mellitus is not commonly reported in adults with SB, Nelson et al demonstrated the high prevalence of metabolic syndrome especially in obese persons with SB, which includes abnormal glucose tolerance and type 2 diabetes [30] .
Of interest is that some of the common conditions in people with SB may be related to the more progressive neurologic problems that can be seen in SB over time. The most common ill-defined conditions were headache, abdominal pain, and nausea/vomitingd-each of which could be an indication of progression of hydrocephalus (and Chiari 2 malformations) or tethered cord. The common musculoskeletal codes noted in these analyses focused on back pain (eg, lumbago and backache/back pain disorders). Pain complaints do increase with age in SB, and in particular back pain may be an indicator of TCS [6, 21, 31, 32] . These 
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We chose to look more closely at TCS and hydrocephalus, 2 of the common neurologic conditions that are seen with SB, and the manifestations of which can continue into adulthood. As noted earlier, these 2 conditions can present with many symptoms or health conditions noted in our ICD-9-CM code analyses. These additional models further identified the association of TCS to high rates of GU conditions/UTIs and skin conditions for both ER and IP usage. This could indicate 2 possibilities: 1) a diagnosis of ever having had TCS might heighten suspicion of or promote preventive strategies for UTIs and skin problems; and 2) adults with SB having increasing UTIs, pressure ulcers/cellulitis, or other increasing health problems might benefit from TCS evaluation (new or recurrent). The association of hydrocephalus with epilepsy is not surprising, and may suggest closer monitoring with age.
A major limitation of this study is the reliance on billing data to identify persons with SB and to describe their ER and IP use. We do not have access to clinical records, and therefore we cannot describe in detail the clinical status of persons with SB or specifics about why they may have accessed the ER or IP hospitalization in any given circumstance. Furthermore, we used uniform billing hospital discharge data to obtain information on ER and IP use. This provides complete ascertainment of nonmilitary institutions within the state of South Carolina, regardless of insurance status. However, it does not include military and Veterans Affairs hospitals, and it does not include hospitals outside the state of South Carolina, so episodes of ER or IP care in neighboring states would not be captured. The code used to identify individuals with TCS (742.59) can be used to diagnose a range of spinal cord conditions; although we believe that most people with spina bifida and this code do have TCS, some may have another of these conditions, and we have no way to identify these individuals.
The greatest strengths of this study are its large sample size and statewide scope. We did not rely on direct recruitment of patients from health care providers, which can result in a nonrepresentative sample based on the practices or institutions chosen for recruitment, as well as characteristics related to individuals' decisions to participate in research. The availability of linked data from the South Carolina Division of Research and Statistics is another strength of the study, because it permitted access to information on socioeconomic status (eg, SNAP enrollment) that would not be available in most data sets. Our adjusted incidence rate ratios are adjusted for race, type of residential area (urban or rural), and gender, in addition to socioeconomic status. The results of this study should be widely generalizable to individuals with SB living in South Carolina, and most likely to those in other states in the southeastern United States.
Conclusions
In summary, we found that young adulthood compared to adolescence is associated with increased ER use overall and for a number of specific condition categories in adolescents and young adults with SB. In particular, UTIs are noted more commonly in young adults. This association may be indicative of health care access limitations related to transition from adolescent to adult health care, the vulnerability of young adults to certain health conditions, or relationships or increased risks with specific health conditions. Additional research is needed to further explore or rule out these or other potential explanations. Table 3 Rates and incidence rate ratios of inpatient (IP) and emergency room (ER) hospital discharge encounters for individuals with spina bifida 
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